The complex compound of [Mn(salen)OAc] can serve as mSOD and its activity has been determined nonenzymatically in vitro through riboflavin photoreduction. The complex was synthesized from Mn(OAc)2.4H2O and H2salen. Based on the elemental analysis, the C=56.69%; H=4.21%; and N=7.52% content are corresponding to the chemical formula of MnC18H17N2O4. The functional groups and ionic species in the complex have been analyzed by infrared spectroscopy and ESI-MS. SOD activity was determined by mixing complex at various concentrations with riboflavin and nitroblue tetrazolium (NBT), then the mixture was lighted with 20 watts tungsten lamp for 15 minutes in a closed box. Then the reduced NBT absorptions were measured at λ 560 nm. The difference of absorbance between standard and sample solutions (without and with riboflavin, respectively) was multiplied by 100% to obtain %inhibition of each various sample concentration against NBT. SOD activity was obtained from IC50 data defined as a 50% inhibition of the plot curve of % inhibition to the concentration of the complex. The result obtained for this compound is IC50 = 2.7 ± 0.1 µM as well as enzymatic method. Therefore, this method can be used to determine the SOD activity by giving more stability and accuracy of IC50 value.
INTRODUCTION

Superoxide radical (O2
•-) is one of the reactive oxygen species (ROS) which the most dangerous in comparison with other ROS (Vecchio & Lanza, 2009 ). The existence of excessive radicals in the body can cause tissue damage associated with the emergence of various diseases, such as rheumatoid arthritis, cancer, neurodegenerative disorders, complications of diabetes, stroke, inflammation and reperfusion injury. Superoxide reactivity could be overcome by a metalloenzyme known as superoxide dismutase (SOD) , that catalyze the dismutation of O2
•-reactive species to O2 and H2O2 (Vecchio & Lanza, 2009) . But the limited number of metalloenzyme in the body, the use of supplements containing SOD from plants extract or other living beings or synthetic SOD become an alternative. Synthetic SOD is known as SOD mimic or mSOD (Miriyala et al., 2012) .
Manganese (III)-salen complexes compound are one of an mSOD type which the activities much-studied. The complex compounds have high stability and relatively low toxicity (Haberle, Reboucas, & Spasojevic, 2010) . Several compounds of Mn(III)-salen, with variety salen ligand structure, generally have monomeric structures (Doctrow et al., 2002; Meftah & Yazdanparast, 2013) .
The in vitro indirect SOD test is an initial test conducted to determine a potential of a complex compound as an mSOD (Iranzo, 2011) . The test principle is competition between mSOD and active redox indicator to react with O2
•-species. The activity of an mSOD of a complex compound shown by the ability of the complex compound to inhibit reduction process of the active redox indicator by O2
•-species. Through this indirect SOD test, SOD activity is obtained as IC50 value, that is a quantity used to express one unit of SOD activity. IC50 is a quantity that describes the amount of SOD to inhibit the reduction reaction of an active redox indicators by species O2
•-as much as 50%. Based on the source of O2
•-species, there are two types of SOD assay, that is enzymatic and non-enzymatic methods. In the enzymatic method (McCF: McCordFridovich), xanthine and xanthine oxidase are used as O2
•-species source, while in the nonenzymatic method, O2
•-species sources which often used are derived from flavin photoreduction (Kostyuk, Potapovich, Kostyuk, & Cherian, 2007; Retnoningrum et al., 2016) , organic compound autooxidation (Li, 2012) and gamma irradiation (Barnese, Gralla, Cabelli, & Valentine, 2008) . The nonenzymatic method through riboflavin photoreduction is currently used because it is easier to use, relatively cheaper, and accurate. (Retnoningrum et al., 2016) and SOD-manganese from Staphylococcus equorum (Indrayati, Asyarie, Suciati, & Retnoningrum, 2014) . However, there were only found 9 SOD mimics of manganese complex compound whose activities were determined by this rb-NBT non enzymatic method, those are: 1 complex of manganese(II)-bovine serum albumin (Yan et al., 2016) , 2011) . New in this research, the nonenzymatic method through riboflavin photoreduction using NBT indicator was used to determine SOD activity (IC50) of the [Mn(salen)OAc]. The purpose of this study is to evaluate the ability of this rb-NBT nonenzymatically method in analyzing SOD activity of the [Mn(salen)OAc)] complex compound.
EXPERIMENTAL SECTION
In this research, the [Mn(salen)OAc] complex has been synthesized, characterized, and SOD activity tested by the in vitro nonenzymatic method through riboflavin photoreduction using NBT indicator (rb-NBT)
Materials
In this study, chemicals that used are the high purity grade from Sigma-Aldrich, those are ethylenediamine 99%, salicylaldehyde 98%, absolute ethanol 99.5%, manganese(II) acetate tetrahydrate 99%, distilled water, and methanol 99.8%. The chemicals used in the SOD test are nitroblue tetrazolium chloride (NBT) 98% from Thermoscientific, tetramethylethylenediamine (TEMED) 99% from Biorad, riboflavin 98%, the solution of 1.0 M phosphate buffer pH 7.4 (25ºC ), and aqua bidest.
Instrumentation
Tools and instruments used in this study include glasswares, Perkin-Elmer 240 elemental analyzer, FTIR Nicolet Magna IR 750 series II spectrophotometer, ESI-MS Bruker Daltonics esquire3000 plus spectrometer, Sherwood Scientific magnetic susceptibility balance (MSB), and HANNA Instruments HI 8819W Professional ATC conductometer. While, equipment used in the SOD activity test include micropipette 1000 and 30-300 µL, 96-well microplate, light box (25 x 25 x 25 cm 3 ) coated by aluminum foil and using a 20 watts tungsten lamp, and Multiskan Go Thermofisher Scientific UV/vis double beam microplate reader spectrophotometer.
Procedures
Synthesis of [Mn(salen)OAc] Complex
The [Mn(salen)OAc] complex was prepared using a published procedure (Boucher & Farrell, 1973) with using glass beakers instead of reflux and methanol as a solvent for recrystallization instead of petroleum.
The H2salen (N,N'-bis(salicylidene)ethane-1,2-diamine) that used as a ligand was prepared from salicylaldehyde and ethylenediamine by the reported method (Haikarainen, Sibila, Pietikainen, Pajunen, & Mutikainen, 2001 ). The dark brown crystals of the [Mn(salen)OAc] complex were obtained in 45-67% yield.
SOD Assay: Riboflavin Photoreducion Test of [Mn(salen)OAc] Complex
The [Mn(salen)OAc] complex was tested for SOD activity using a previously described method (Kostyuk et al., 2007) . The SOD activity measurement of the complex compound was based on the reduction of nitroblue tetrazolium by superoxide anions generated in riboflavin photoreduction, which was carried out at room temperature (25ºC) under fluorescent lighting (20 w, 20 cm). The sample solution was prepared in 12 variations of concentration and each 40 µL of them was added to a solution (200 µL) containing 6 µM of riboflavin, 0.8 mM of N,N,N',N'-tetramethylethylenediamine (TEMED) in 16 mM phosphate buffer (pH 7.4), and 85 µM of nitroblue tetrazolium (NBT) in a microplate. The sample mixtures were subjected to light exposure as mentioned above for 15 min and the colorimetric activity assay by a microplate reader spectrophotometer follows the generation of NBT-diformazan, which absorbs at 560 nm (Janknegt, Rijstenbil, van de Poll, Gechev, & Buma, 2007) .
The absorbance of sample blank mixture (blank 1), without riboflavin, was measured as well. In the standard mixture and its blank (blank 2), methanol solvent was added instead of the sample solution. The difference of absorbance between standard and samples (without and with riboflavin, respectively) was multiplied by 100% to obtain % inhibition of each various sample concentration against NBT (Retnoningrum et al., 2016) .
RESULTS AND DISCUSSION
Characterization of H2Salen Ligand and [Mn(salen)OAc] Complex
Elemental analysis of the H2salen (C16H16N2O2) and [Mn(salen)OAc] complex compound (MnC18H17N2O4) resulted from synthesis show that each compound has C, H, and N elements percentage which fit the theoretical calculations ( (Figure 2  (left) ), a cationic species with a high-intensity peak was observed at m/z 320.9 which corresponding to the four-coordinated cation [Mn(salen)] + . This suggests that the [Mn(salen)] + cation is the parent species of the [Mn(salen)OAc] complex compound. Besides, a moderate intensity peak also observed at m/z 269.0, which corresponding to a cationic free ligand species (salen + H) + . On the other side, in the negative ionization spectrum (Figure 2 (right) ), a peak indicating two acetate ions which coordinated to the Mn(III) ion was observed, although the intensity was very low, that is at m/z 441, corresponding to the anion species of [Mn(salen) (OAc)2] -. In addition, the negative ionization spectrum is also observed three peaks at m/z 255. Table 2 . The methanolic solution of the complex was provided a molar conductivity of 0.17 mS. This molar conductivity is smaller than the value of the smallest molar conductivity of NaCl ionic compound. These results indicate that the complex is a neutral [Mn(salen)OAc] complex compound, where the acetate bound as ligands to Mn(III) or in other words it is not as a free anion or a counter ion. The results obtained from this molar conductivity value measurements in accordance with the molecular formula of the ionic species that appear on the ESI-MS spectrum and the content of C, H, N on elemental analysis.
Based on the result of magnetic measurement, the [Mn(salen)OAc] complex compound is paramagnetic with the experimental magnetic susceptibility of 4.93 BM. This value indicates that the solution reaction of Mn(II) with H2salen caused oxidation of Mn(II) to Mn(III) ion. This result are consistent with the theoretical magnetic susceptibility of Mn 3+ , which has four unpaired electrons (μtheory = 4.90 BM). 
Activity of SOD of [Mn(salen)OAc] Complex Compound
The potential as mSOD of the [Mn(salen)OAc] complex compound was determined by IC50 value, that is the concentration of the complex which is able to inhibit the reduction of NBT by superoxide anion as well as 50%. The SOD activity was tested in vitro non-enzymatically through riboflavin photoreduction and NBT is used as an indicator that can be reduced to NBTdiformazan when it reacts with superoxide anions generated from photoreduction of riboflavin. This indirect method includes several reactions: the photochemically excited riboflavin was first reduced by TEMED into semiquinone, which donated an electron to oxygen to form superoxide anion source. The superoxide readily converted a yellow NBT into a purple formazan product. The SOD activity was inversely related to the amount of formazan formed
The measurement results of the inhibition of the [Mn(salen)OAc] complex against NBT reaction with superoxide in the form of absorption values before and after irradiation are shown in Table 3 . An empty microplate before being filled by any mixture gives the same absorption, about 0,060, either before or after lighting. From the data of Table 3 , some information are obtained, first, without lighting, no absorption of reduced NBT formazan that can be observed, which suggests that the superoxide anions were not formed so as not to react with NBT and there is no inhibition process. Similarly, what happened in the mixture without riboflavin (blanks 1 and blanks 2) after lighting. Second, the smaller the concentration of the complex compound in the solution (from left to right), the lower the inhibition ability of the complex against the NBT which indicated by the deeper of purple color of NBT formazan. Third, the absorptions of blanks 1 those are relatively common around 0,060 for all various concentration of sample beginning from deep brown to pale color from left to right, indicating that although colored, the [Mn(salenOAc] complex compound does not provide absorption at λ 560 nm.
The curve of %inhibition and various sample concentration solutions of [Mn(salen)OAc] is shown in Figure 3 . The extrapolation result of 50% inhibition was obtained from the complex compound with the concentration of 2.7 ± 0.1 µM. Based on this result, the assay showed that the [Mn(salen)OAc] complex with the concentration of 2.7 ± 0.1 μM can inhibit as much as 50% of NBT works. The IC50 value obtained corresponds to the IC50 value in the previously reported study using the enzymatic method (Vecchio & Lanza, 2009 ).
CONCLUSIONS
The activity of superoxide dismutase of the [Mn(salen)OAc] complex compound has been determined by in vitro non-enzymatic method through riboflavin photoreduction. Its potential as an SOD mimic was known from a high and accurate IC50 value of 2.7 ± 0.1 µM that obtained as well as IC50 obtained by the enzymatic method reported previously. Therefore, the in vitro non-enzymatic method of riboflavin photoreduction with NBT as an indicator can be used to determine the SOD activity of an SOD mimic of a metal complex compound by giving more stability and accuracy of IC50 value. microplate reader spectrophotometer measurements.
